Novel Gram-negative alkaliphilic strains were isolated from soil obtained from Atsuma, Hokkaido, Japan. The isolates were strictly aerobic rods that produced subterminally located ellipsoidal spores. Chemotaxonomic characteristics of the isolates included the presence of meso-diaminopimelic acid in the cell wall and a DNA G+C content of 40.2-409 mol%. The major isoprenoid quinone was menaquinone-7 and the cellular fatty acid profile consisted of a significant amount of 15-C branched-chain acids, i so-C,,:, and anteiso-C,,:,. The growth rate was higher a t pH 8-10 than a t pH 7. Comparative sequence analysis of 165 rDNA of 14 alkaliphilic Bacillus strains indicates that the isolated strain has an equidistant relationship to three already defined rRNA groups of alkaliphilic Bacillus species. Based on the morphological and physiological characteristics, as well as phylogenetic position as determined b y 16s rDNA analysis and DNA-DNA relatedness data, it is concluded that these isolates should be designated as a new species, for which the name Bacillus horti is proposed. The type strain is K13l(= JCM 99433.
INTRODUCTION
Since Vedder (1 934) isolated the obligate alkaliphile, Bacillus alcalophilus, many strains of obligate and facultative alkaliphiles have been isolated for industrial applications and physiological studies (Horikoshi, 1991 ; Krulwich, 1995) . Most of the isolates are Grampositive, spore-forming, motile rods. Catalase-and oxidase-positive aerobes were classified under the genus Bacillus. However, most of these bacteria were not identified up to the species level. Gordon & Hyde (1982) grouped alkaliphilic bacilli with Bacillus Jirmus, Bacillus lentus groups 1-111, and the B. firmus-B. lentus complex according to the results of physiological and biochemical characterization. A reclassification of the strains that were first classified by Gordon & Hyde (1982) , and of other additional isolates, was reported by Fritze et al. (1990) . Their reclassification was based on certain phenotypic The GenBanWEMBUDDBJ accession number for the 165 rRNA sequence reported in this paper is D87035.
properties correlated with a distinct DNA G + C content. However, considering the low DNA-DNA relatedness values between strains in the same group, they concluded that these alkaliphilic Bacillus strains could be assigned to numerous species. During the investigation by Fritze et al. (1990) , a new species, Bacillus cohnii, was proposed which was distinct because it had oval spores and no diaminopimelic acid (DAP) in the cell wall (Spanka & Fritze, 1993) . The phenotypic and genotypic heterogeneity of alkaliphilic Bacillus strains (Fritze et al., 1990) was reflected in phylogenetic studies by 16s rDNA sequence analysis (Nielsen et al., 1994) . In addition to the two existing species, B. alcalophilus and B. cohnii, nine new species were proposed by Nielsen et al. (1995) on the basis of numerical analysis. In the present study, two new strains of Gram-negative alkaliphilic bacilli were isolated. The characteristics of the isolates are reported and differences between the new isolates and previously reported alkaliphilic Bacillus species are discussed. This study focuses on phenotypic characterization, phylogenetic analysis and DNA-DNA relatedness data of the isolates with respect to strains of other alkaliphilic Bacillus species. H,BO, in 1 1 NaHCO,/Na,CO, buffer (100 mM ; pH 10) in deionized water. Based on preliminary taxonomic characterization of the isolates, only strains K13T and K38 were identified as Gram-negative Bacillus species. These strains were isolated from garden soil samples obtained from Astuma, Hokkaido, Japan. In addition to the isolates, B. alcalophilus JCM 5262T (= DSM 485T), B. cohnii DSM 6307T, Bacillus clarkii DSM 8720T and Bacillus agaradhaerens DSM 8721T were used as reference strains.
Phenotypic characterization. For phenotypic characterization, PYA medium (pH 10) was used as the basal medium, and the cultures were incubated at 30 "C for 2 weeks unless otherwise stated. Hydrolysis of casein, gelatin, starch, DNA, hippurate and Tween 20,40,60 and 80, oxidase and catalase reactions, reduction of NO, to NO,, indole production, ONPG hydrolysis, H,S production, urea hydrolysis, and deamination of phenylalanine were performed as described in Cowan & Steel's manual (Barrow & Feltham, 1993) . Acid production from carbohydrates was determined by the method of Hugh & Leifson (1953) , using thymol blue instead of bromothymol blue at pH 10. Growth at pH 7 was tested in PYA broth containing 100 mM NaH,PO,/Na,HPO, buffer (pH 7) on a reciprocal shaker (140 strokes per min) at 30 "C for 1 week incubation. The requirement and tolerance for Na+ was determined using a medium containing 2 g glucose, 1 g peptone (Difco), 0.1 g yeast extract (Difco) and 0-200 g NaCl in 1 1 KHCO,/K,CO, buffer (50 mM; pH 10) in deionized water.
Growth experiment. The growth experiment was performed using a 500 ml flask containing 250 ml PYA broth with a pH of 7-10 with reciprocal shaking (140 strokes per min) at 30 "C. Growth was estimated by monitoring OD,,,. PYA media containing 100 mM Na,HPO,/NaH,PO, and 100 mM NaHCO,/Na,CO, buffer, at pH 7-8 and pH 9-10, respectively, were used.
Electron microscopy. Cells were suspended in physiological saline. A small drop of the suspension was introduced on a carbon-coated copper grid and negatively stained with 1 % phosphowolframic acid for examination. Immediately after staining, cells were observed with a transmission electron microscope (model H-800; Hitachi).
Analysis of isoprenoid quinones. Isoprenoid quinones were extracted by treating 500 mg lyophilized cells grown in PYA broth with 150 ml chloroform :methanol [2 : 1 (v/v)] for 2 h, using a reciprocal shaker (120 strokes per min) at room temperature. The extracted solution was concentrated using a rotary vacuum evaporator and transferred by redissolving in acetone. The resulting solution was evaporated, separated by TLC using n-hexane : dimethyl ether [85 : 15 (v/v)] as the solvent, and recovered from the TLC plate with acetone. Isoprenoid quinones thus obtained were analysed by HPLC. The HPLC system equipped with a Novapak C18 column (Waters) consisted of a CCPM-I1 (Tosoh) solvent delivery pump and a UV-8020 spectrophotometer/detector (Tosoh). Methanol: 2-propanol [l : 1 (v/v)] was used as the mobile phase (flow rate of 0.15 ml min-l).
Analysis of cellular fatty acids. Whole-cell fatty acids were extracted with n-hexane from 100 mg lyophilized cells, which were cultivated in PYA medium until the late exponential phase of growth, esterified by acid methanolysis and analysed using a gas-liquid chromatograph equipped with a flame ionization detector (model GC-7A; Shimadzu) and a 50 m BPX70 column (SGE) at an oven temperature of 170 "C. Identification of the fatty acid components was accomplished by comparison with fatty acid methyl ester standards purchased from Supelco and GL Science using a gas chromatograph-mass spectrometer (model INCOS 50 ; Finnigan mat) connected to a gas-liquid chromatograph (model 3400 ; Varian).
Cell wall analysis. Identification of meso-DAP in the cell wall was performed by TLC (DC-Alufoline Cellulose ; Merck), as described by Yamada & Komagata (1970) .
DNA base composition and DNA-DNA hybridization. Bacterial DNA was prepared according to the method of Marmur (1961) . The DNA obtained was digested with nuclease P1 (Yamasa Shoyu) and the resulting nucleotides were separated by HPLC (Tamaoka & Komagata, 1984) . The HPLC system was as described above. An equimolar mixture of 4-deoxyribonucleotides (Yamasa Shoyu) was used as the standard. Levels of DNA relatedness were determined fluorometrically by the method of Ezaki et al. (1989) using photobiotin-labelled DNA probes and microplates.
16s rDNA sequencing. 16s rDNA fragments from strain K13T were analysed using PCR-direct sequencing, as described by Shima et al. (1994) . Sequences were compiled from overlapping sequence data using the DNASIS computer program (Hitachi Software Engineering). Multiple alignments of the sequences were performed, nucleotide substitution rates (&, , value) were calculated, and a neighbourjoining phylogenetic tree (Kimura, 1980; Satiou & Nei, 1987) was constructed using the CLUSTAL w program (Thompson et al., 1994) . The similarity values of the sequences were calculated using the GENETYX program (Software Development).
RESULTS AND DISCUSSION
Strains K13T (type strain) and K38, which were isolated from a soil sample, were Gram-negative, aerobic rods (Table 1) whose cells were 06-04 by 1-5-6.0 pm long and produced subterminally located ellipsoidal spores (Fig. 1 a) . During Gram-staining of the isolates, the crystal violet-iodine dye was easily extracted from the cells with ethanol, even when freshly prepared samples (within 12 h of culture) were used. However, the extraction rate of the dye with ethanol was not as fast as that in Gram-negative bacteria. This indicates that the peptidoglycan layers of the isolates are thicker than those of Gram-negative bacteria but thinner than those of ordinary Gram-positive bacteria.
However, further studies will be necessary to clarify this point. The cells were peritrichously flagellated (Fig. lb) and strains K13T and K38 exhibited positive oxidase and catalase reactions (Table 1) . Growth of strains K13T and K38 was studied at p H 7-10. Growth was more rapid at p H 8-10 than at neutral pH. The growth curve of strain K13T is shown in Fig. 2 . 
The DNA G + C contents of strains K13T and K38 were 40-9 and 40.2 mol%, respectively (Table 3) . Strains K13T and K38 contained meso-DAP in their cell walls. The major menaquinone detected in strain K13T was menaquinone-7. Whole-cell fatty acids of strain K13T consisted of the straight saturated fatty anteiso-C,,: , (4.4 YO), iso-C,, : , (1.4 YO), and anteisoCl.,:o plus an unknown fatty acid (7.9%). The fatty acid composition of strain K38 was almost identical in quality and quantity to that of strain K13T. The fatty acid compositions of B. alcalophilus JCM 5262T, an obligate alkaliphile which cannot grow at pH 7, and B. cohnii DSM 6307T, a facultative alkaliphile which can grow at pH 7, were also analysed. Some of the strains of B. cohnii are obligate alkaliphiles (Spanka & Fritze, 1993) ; however, the strain used, DSM 6307T, grew at pH 7. The fatty acid compositions of the two strains, B. alcalophilus and B. cohnii, were similar to those in previous reports (Clejan et al., 1986; Spanka & Fritze, 1993) , although they had lower unsaturated fatty acid contents (data not shown). The fatty acid composition of the isolates is more similar to that of B. alcalophilus than to that of B. cohnii. This indicates that the isolates are more similar to obligate alkaliphiles than to facultative alkaliphiles in terms of fatty acid composition. Branched 15-C fatty acids, iso-C,,: ol and anteiso-C,,: ,, were the predominant fatty acids in the alkaliphiles examined. In B. alcalophilus and B. cohnii, anteiso-C,, : , outweighed iso-C,, : , , while the reverse was found for the isolates.
The 16s rRNA gene DNA of strain K13T was sequenced to determine its phylogenetic position. The almost complete 16s rDNA sequence of strain K1 3T, consisting of 15 12 nt, was compared with the sequences of 14 other alkaliphilic Bacillus and 13 neutrophilic species belonging to genus Bacillus, as well as other related taxa.
The phylogenetic tree constructed using the neighbour- joining method (Fig. 3 ) and 16s rDNA similarity values (data not shown) show that strain K13T is phylogenetically related to members of the Bacillaceae. The similarity values (89-1-91.4 %) of strain K13T to alkaliphilic Bacillus strains were generally greater than those (85.0-89.8 YO) of the neutrophilic Bacillus strains.
Although strain K13T was grown at pH 7, the similarity values (89.9-9 1.4 YO) to the obligate alkaliphiles (B. alcalophilus, B. agaradhaerens, B. clarkii and Bacillus pseudalcaliphilus) were higher than those (89-1-89-9 %) of facultative alkaliphiles (Bacillus sp. DSM 8714 and DSM 8717, Bacillus clausii, Bacillus horikoshii, Bacillus gibsonii and Bacillus halmapalus). Nielsen et al. (1 994) classified 14 alkaliphilic Bacillus strains into three groups on the basis of 16s rDNA sequence analysis: those belonging to rRNA group 1 of Bacillus (Ash et al., 1991) (B. halmapalus, B. horikoshii and B. cohnii) ; those belonging to the newly designated rRNA group 6 (Bacillus pseudofirmus, B. gibsonii, Bacillus halodurans, B. pseudalcaliphilus, B. alcalophilus, B. clausii, Bacillus sp. DSM 8714 and Bacillus sp. DSM 8717) ; and the two strains (B. agaradhaerens and B. clarkii) that showed an equidistant relationship to the first two groups. Based on phylogenetic analysis, strain K13T clustered in the last group. The 16s rRNA sequence similarity of strain K13T to alkaliphiles in rRNA group 1 was 89489.9 YO ; that to members of rRNA group 6 was 89.4-91.4%; and that to the remaining two species was 90.4-9 1.4 %. These values indicate that strain K13T has an equidistant relationship to the three groups. Therefore, strain K1 3T belongs to an independent group. The levels of DNA-DNA relatedness were estimated using the isolated strains and representative alkaliphilic bacilli from the three groups: group 1 (B. cohnii), group 6 (B. alcalophilus) and the remaining two species (B. agaradhaerens and B. clarkii) ( Table 2) . A DNA relatedness value of 93 %, indicates that strains K13T and K38 are of the same species. The levels of DNA relatedness between strain K1 3T and B. cohnii, B. alcalophilus, B. agaradhaerens and B. clarkii were less than 6 %. Bacillus strains K13T and K38 can be differentiated from other existing alkaliphilic Bacillus species in terms of phenotypic characteristics, even species with similar DNA G + C contents, as follows: B. pseudojirmus deaminates phenylalanine, hydrolyses Tween 40 and Tween 60, grows at 10 "C and is negative for nitrate reduction; B. horikoshii is negative for nitrate reduction and growth in 10% NaCl and grows at 10 "C; B. agaradhaerens hydrolyses Tween 40 and Tween 60, and grows at 10 "C and is negative for growth at pH 7 and hydrolysis of casein, gelatin and starch; and B. gibsonii is negative for hydrolysis of starch and growth at 40 "C (Table 3) .
On the basis of the above results, the name Bacillus horti sp. nov. is proposed and the type strain is designated K13T. A description of the new species is given below.
Description of Bacillus horti sp. nov.
Bacillus horti (hor'ti. L. masc. n. hortus garden, horti from the garden).
Cells are rod-shaped (06-0.8 by 1.5-6.0 pm) and produce subterminally located ellipsoidal spores. Cells from freshly prepared cultures are Gram-negative and motile by means of peritrichous flagella. Colonies are white. Catalase and oxidase reactions are positive.
Growth occurs at pH 7, with optimum growth at pH 8-10. There is growth at 10 YO NaCl and no growth at 15% NaCl. Nitrate is reduced to nitrite. Acid, but no gas, is produced from D-glucose, D-xylose, D-ribose and D-fructose when grown at pH 10. No acid is produced from melibiose, raffinose, sorbitol, Darabinose, L-rhamnose, myo-inositol, meso-erythritol, D-galactose and sucrose. Hydrolysis of casein, gelatin, starch and DNA, but not Tween 20,40,60 or 80, was observed. Phenylalanine is not deaminated. The main quinone is menaquinone-7. iso-C,, : ,, (38-42 %) and anteiso-C,,: (27-30 %) represent the main fatty acids produced during growth in an alkaline medium (PH 10). The DNA G + C content is 40-2-40.9 mol %, as determined by HPLC. Strains K13T and K38 were isolated from a soil sample obtained from Atsuma, Hokkaido, Japan. The type strain is K13T (= JCM 9943T).
